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1 Introduction

In the previous RAN4 meeting Way forward on UE power imbalance requirements for FR1 CA and EN-DC [1] was agreed.

In this paper we provide view on remaining open issues for NR CA and EN-DC demodulation requirements with power imbalance.
2 Discussion
2.1 NR CA requirements

In the previous meeting the following agreements were reached on NR CA requirements with power imbalance

	· MCS
· Modulation order: 64QAM for 2Rx and 4Rx
· MCS
· Option 1: MCS 27 for 2Rx, MCS 28 for 4Rx 
· Option 2: MCS 25 for 2Rx 
· Applicability rule
· Option 1: Reuse the following applicability rule from LTE CA power imbalance test
· For FDD or TDD CA power imbalance tests, if they are tested with FDD or TDD intra-band contiguous CA configurations with 2 DL CCs, the test coverage can be considered fulfilled with FDD or TDD intra-band contiguous CA configurations with 3 or more DL CCs supported by the UE.
· For FDD or TDD 2 DL CCs, only test the supported intra-band contiguous CA configurations covering the lowest and highest operating bands.
· Other options are not precluded.


MCS
One of the open parameters for NR CA power imbalance is MCS for testing. In Figure 2 we provide simulation results for different MCS and 2 and 4 Rx scenarios. Table 1 provides summary of alignment and impairment results and Table 2 provides summary of impairment results.
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	Figure 1. Simulation results for different MCS and modulation


Table 1. Summary of alignment results.

	
	
	Alignment results
	Impairment results

	
	
	MCS25
	MCS26
	MCS27
	MCS28
	MCS25
	MCS26
	MCS27
	MCS28

	2 Rx
	10 MHz, 15 kHz
	14.5
	15.8
	17.4
	18.5
	17.0
	18.3
	19.9
	21.0

	
	40 MHz, 30 kHz
	14.8
	16.1
	16.9
	19.0
	17.3
	18.6
	19.4
	21.5

	4 Rx
	10 MHz, 15 kHz
	12.2
	13.5
	15.1
	16.3
	14.7
	16.0
	17.6
	18.8

	
	40 MHz, 30 kHz
	12.5
	13.7
	14.5
	16.9
	15.0
	16.2
	17.0
	19.4


From Table 1 we can observe that SNR operating point for MCS26/27 for 2 RX and MCS 28 for 4 Rx is around 19 dB. For 2 Rx, SNR for MCS27 is usually higher than 19 dB. Taking into account additional margin which is usually added to average results from companies, we think that it is better to select MCS26 for 2 Rx case. Therefore, we propose to use such MCSs for power imbalance requirements.

Proposal 1:
Use 64QAM with MCS 26 for 2 Rx and 64QAM with MCS 28 for 4 Rx for NR CA power imbalance requirements.
Applicability rule

In the 36.101 the following applicability rules are defined for power imbalance requirements:
	Table 8.1.2.3-1: Applicability and test rules for CA UE demodulation tests with 2 DL CCs
Tests

CA capability where the tests apply

CA configuration from the selected CA capability where the tests apply

CA Bandwidth combination to be tested in priority order
CA tests with 2CCs in Clause 8.2.1.7.1

CA_C

Supported FDD intra-band contiguous CA configurations covering the lowest and highest operating bands

Largest aggregated CA bandwidth combinations

CA tests with 2CCs in 8.2.2.7.1

CA_C

Supported TDD intra-band contiguous CA configurations

covering the lowest and highest operating bands

Largest aggregated CA bandwidth combinations

NOTE 1:
The applicability and test rules are specified in this table, unless otherwise stated.

NOTE 2:
Number of the supported bandwidth combinations to be tested from each selected CA configuration is 1.

NOTE 3:
A single Uplink CC is configured for all tests




These rules are defined only for scenarios with 2 DL CCs. Based on our understanding, it means that power imbalance test coverage can be considered fulfilled if UE is verified under 2 DL CCs case and it is not required to verify performance for scenarios with higher number of CCs. We think that similar approach can be reused for NR power imbalance requirements.

Proposal 2:
Reuse applicability rules from LTE Power imbalance requirements for NR Power imbalance requirements.
2.2 EN-DC requirements

In the previous meeting the following agreements were reached on Intra band contiguous and non-contiguous EN-DC requirements
	· Channel bandwidth combination for testing
· Option 1
· Step 1: First select the CBW combinations with the same BWs in each carrier
· If there is no such CBW combination, select the CBW combinations with smallest CBW difference between the two carriers.
· Step 2: Among the CBW combinations selected from step 1, select the CBW combinations where the NR carrier has smaller CBW than the LTE carrier; if no such CBW combination, directly go to step 3.
· Step 3: Among the CBW combinations selected from step 2, select the EN-DC combination with largest aggregated CBW
· Option 2
· Step 1: First select the CBW combinations with the same BWs between LTE carrier (single carrier or aggregated carriers) and NR carrier
· If there is no such CBW combination, select the CBW combinations with smallest CBW difference between the two carriers.
· If frequency range of NR carrier is higher than LTE carrier, then the test RBs will be allocated on the highest part of NR carrier.
· If frequency range of NR carrier is lower than LTE carrier, then the test RBs will be allocated on the lowest part of NR carrier.
· Step 2: Among the CBW combinations selected from step 1, select the EN-DC combination with largest aggregated CBW.
· Option 3
· Step 1: First select the CBW combinations with the same BWs in each carrier. If there is no such CBW combination, go to Step 1a and Step 1b, otherwise Step 2.
· Step 1a: Select the CBW combinations that the BW of NR carrier is smaller than the BW of LTE carrier
· Step 1b: Among the CBW combinations selected from Step 1a, select the CBW combinations with the smallest CBW difference between the two carriers
· Step 2: Among the CBW combinations selected from Step 1, select the EN-DC combination with the largest aggregated CBW
· Option 4
· Step 1: First select the CBW combinations with the same BWs between LTE carrier (single carrier or aggregated contiguous carriers) and NR carrier. If there is no such CBW combination, go to Step 1a, Step 1b and Step 1c.
· Step 1a: Select the CBW combinations that the BW of NR carrier is smaller than the (aggregated) BW of LTE carrier(s). If there is no such CBW combination, go to Step 1c.
· Step 1b: Among the CBW combinations selected from Step 1a, select the CBW combinations with the smallest CBW difference between NR carrier and LTE carrier(s)
· Step 1c: select the EN-DC combinations with smallest CBW difference between the NR carrier and LTE carrier(s). 
· Step 2: Among the CBW combinations selected from Step 1, select the EN-DC combination with the largest aggregated CBW
· Other options are not precluded.
· Channel bandwidth combination for testing
· Whether to consider the aggregated contiguous carriers for LTE if UE supports it?
· Option 1: Consider the aggregated contiguous carriers for LTE
· Option 2: Do not consider the aggregated contiguous carriers for LTE
· Whether to test partial PRB or full PRB for NR carrier, in case the CBW is different in LTE carrier(s) and NR carrier?
· Option 1: Partial PRB 
· Option 2: Full PRB
· LO position
· Option 1: “LO in middle” (1st priority)
· Option 2: “LO in middle” and “LO at edge of one CC” (2nd priority)
· FFS: Channel bandwidth combination for testing
· FFS: whether some limitations on frequency separation between two CCs should be included in applicability rule for non-contiguous EN-DC


2.2.1 Intra band contiguous EN-DC requirements 

One of the open issues from previous RAN4 meeting for power imbalance Intra-band contiguous EN-DC requirements is selection of channel bandwidth combination for testing. Multiple options were listed in the previous RAN4 meeting. The only difference between all options is how to deal with situation if there are no channel bandwidth combinations with equal LTE and NR CBW sizes. 
In Figure 2 we provide possible scenarios in terms of LTE and NR channel bandwidth combinations. 
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	Figure 2. Intra-band contiguous EN-DC scenarios with different LTE and NR CBW


From this figure we can observe that in case we cannot find scenarios with equal LTE and NR channel bandwidths than as the next step we can check if there is channel bandwidth combination with LTE CBW higher than NR CBW is exist. For such case, regardless the UE LO processing, 19 dB SNR level will be observed in any place of NR carrier.
In case only channel bandwidth combinations with LTE CBW lower NR CBW are only exist, there was proposal to consider partial allocation of NR carrier to test only PRBs with the worst SNR level (i.e. 19 dB). Same time, from figure above, we can observe that it is rather hard to select which PRB is selected for transmission because per PRB SNR depends on UE implementation. Therefore, we think that full allocation of NR carrier for this case should be considered and we can just try to select the CBW combination with the smallest difference of LTE and NR CBWs, which allows to ensure that the most number of PRBs will have impact from receive image.
Also, in the previous meeting, there was question whether to consider scenarios with aggregated contiguous carriers for LTE if UE supports it. We think that considering of such scenario will be rather bonification because it allows to increase probability that scenario with same NR and LTE CBW sizes or LTE CBW higher NR CBW will be selected for testing.
Proposal 3:
Use Option 4 from page 7 of WF R4-2012691 for selection of tested channel bandwidth combination for intra-band contiguous EN-DC power imbalance requirements.
2.2.2 Intra band non-contiguous EN-DC requirements 

Similar to intra-band continues EN-DC requirements, one of the open issues is the procedure for tested channel bandwidth combination selection. 

In Figure 3 we provide the illustration of different intra-band non-contiguous EN-DC scenarios.
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	Figure 3. Intra-band non-contiguous EN-DC scenarios with different LTE and NR CBW


From this figure we can observe that SNR level on NR CC depends on LTE and NC CBW size and UE implementation. Therefore, similar to contiguous EN-DC, using of option 4 from WF [1] allows to ensure that certain image on some PRBs will be observed for any UE implementation.
Another open issue for non-contiguous case is whether some limitations on frequency separation between two CCs should be included in applicability rule. In Figure 4 we show the scenarios with frequency separation is equal to (CBWLTE + CBWNR)/2 + min(CBWLTE, CBWNR).
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	Figure 4. Intra-band non-contiguous EN-DC scenarios with large CC separation


From this figure we can observe that depending on UE implementation image main not be observed on NR CC. Therefore, to ensure that image will be observe for any UE implementation during the test, we suggest to select scenarios with frequency separation less then (CBWLTE + CBWNR)/2 + min(CBWLTE, CBWNR).
Proposal 4:
Use Option 4 from page 7 of WF R4-2012691 with limitation on frequency separation (less then (CBWLTE + CBWNR)/2 + min(CBWLTE, CBWNR)) for selection of tested channel bandwidth combination for intra-band contiguous EN-DC power imbalance requirements.

3 Conclusion

In this paper we provided view on NR CA and EN-DC requirements with power imbalance and made the following proposals:
Proposal 1:
Use 64QAM with MCS 26 for 2 Rx and 64QAM with MCS 28 for 4 Rx for NR CA power imbalance requirements.
Proposal 2:
Reuse applicability rules from LTE Power imbalance requirements for NR Power imbalance requirements
Proposal 3:
Use Option 4 from page 7 of WF R4-2012691 for selection of tested channel bandwidth combination for intra-band contiguous EN-DC power imbalance requirements.

Proposal 4:
Use Option 4 from page 7 of WF R4-2012691 with limitation on frequency separation (less then (CBWLTE + CBWNR)/2 + min(CBWLTE, CBWNR)) for selection of tested channel bandwidth combination for intra-band contiguous EN-DC power imbalance requirements.
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